In chickens sharply differing in growth intensity, the nuclear concentration on a constant length segment of muscle fibre released by maceration has been investigated. At the same time DNA concentration in muscular tissue and the frequency of e H-thyxnidine labelled nuclei in the individual groups have been examined.
INTRODUCTION
One of the basic problems of skeletal muscle growth is the mechanism of muscle fibre nuclei multiplication and the changes in their concentration during postnatal development. The opinion prevailing at present is that the so-called satellite cells are responsible for the fibre nuclear component increase. Mitotic division takes place in these cells which are evenly distributed between the basal and inner membranes of the muscular fibres, and their nuclei are incorporated into the fibres themselves (M AURO . 19 6 1 ; M UIR , KarrJI and A l ,r,s ROO x, 1965 ; RE ZNIK , Ig6g ; Moss and LE BLOND , 1 97 1).
During muscular growth, the general feature appears to be a decrease of nuclear concentration. This fact has been demonstrated in different animal species by means of two methods : 1° histoplanimetric method, revealing the ratio between the nuclear and cytoplasmatic fibre component on sections prepared by the usual histological technique (D AVYD O V A and V O I, OSHIK , ig62 ; D!ITRI!VA, I g65), 2° indirect determination on the basis of concentration changes in DNA (E NESCO and L EBLOND , Ig6 2 ; E N Esco and P UDDY , ig64 ; Moss, S IMMONDS and McNA RY , I g6q.). The relative decrease of the nuclear component in muscular tissue of chickens has been also confirmed by data indicating changes in labelling indices after 8 H-thymidine application (MA R C HOK and HE RRMANN , i 9 6 7 ; M I T ROIU , I,A N G and MAURER, 1 9 68). Some of the above-mentioned authors and also Wm·n·rlcg The aim of the present investigation was to compare the changes of nuclear concentration in muscle fibres in groups of chickens sharply differing in growth intensity, final body weight, and thus also in mean diameter of muscle fibre. Contrary to previous authors, the nuclear content was investigated by direct determination of the number of nuclei on constant length of isolated muscle fibre released by maceration ( fig. z ). The advantage of this method is that the nuclei of the muscle fibres may be reliably detected. The differences found were compared with the values obtained from muscular DNA determination. Besides this, the frequency of nuclei labelled with 3 H-thymidine has been investigated in the individual groups of chickens.
MATERIAL AND METHODS
Three groups, each consisting of thirty chickens, were included in this experiment : New Hampshi y e (NH), Rose Comb Bantam (RCB) and their F 1 crosses (a RCB X NH). At the age of 2, 4 and i 2 weeks resp., ten chickens from each group were killed and used for the experimental procedure described below. Characteristics of the experimental material are given in
The determination of nuclear concentration in muscle fibres was performed on samples from the breast muscle (m. pecto y alis major). The material was fixed in a mixture of 9 6 p. cent alcohol and glacial acetic acid ( 3 : i) for ten minutes. The samples were then rinsed in 70 p. cent alcohol and kept in this solution until further use. Prior to separation, a maceration mixture of glycerine and water (i : I ) was used for the isolation of individual muscle fibres which were finally stained with acetocarmine. The number of nuclei determined on a constant length of isolated muscle fibre ( 1 6 0 y) was converted with respect to the individual diameter to the so-called index of nucleo-plasmatic ratio (N/P) to io 6 y 2 of the fibre volume. _ The determination of DNA in the muscle samples was carried out spectrophotometrically according to the method of Schneider, modified by C ERIOTTI ( 1952 ) . The individual DNA values obtained from the calibration curve at the extent of 5 -15 t L/ ml were converted to mg p. cent of fresh tissue. Three samples were evaluated for each animal. 3 H-thymidine incorporatioh was investigated in another group of chickens at the age of 7 and 2 8 days. This precursor was injected intravenously 90 min before sacrificing the animal in the morning ( 10 -12 a. m.). 7 -day old chickens were injected with thymidine-methyl-8 H, spec. activity 9 . 0 Ci/mmol, at a dose of 2 1A Ci per gramme body weight. 2 8-day old chickens were treated with thymidine-6-3 H, spec. activity 25 . 5 8 Ci/mmol, at a dose of i fL Ci per i gramme body weight. Both precursors were supplied by ÚV VVR , Prague.
Samples from the middle segment of m. pectoralis major were Carnoy fixed, sectioned lengthwise at 4 !., coated with liquid emulsion Ilford L 4 , exposed for 7 8 days and haematoxylin-eosin stained. About 5 00 o nuclei were evaluated in each section and those with more than 15 grains were considered as labelled. All differences were verified by means of the t-test.
RESULTS
The number of nuclei in muscle fibres As may be seen from table i, our material was selected so that it allowed the comparison of changes in nuclear concentration in groups differing in the mean diameter of muscle fibres. These differences are the expression of a close relationship between the average thickness of the fibres and the growth intensity of the animals.
From the results given in table 2 it may be concluded that the mean number of nuclei on a constant length of muscle fibre increases during the investigated period of postnatal growth. This increase becomes markedly evident at the age of 4 -12 weeks only, i. e. during the period when a more substantial enlargement in the fibres takes place (KN'LZ!TOVA and Krriz!, in press). When comparing these three chicken groups, different values (P < o .oi) may be observed. These are parallel to the order of the average fibre diameter.
The number of nuclei found on a certain length of muscle fibre and converted into volume unit illustrates the nucleoplasmatic ratio of elements in the muscle tissue. The results in table 3 show that the values of this N/P ratio decrease during the investigated period of postnatal development, i. e., the amount of cytoplasm per one nucleus gradually increases. This tendency appears to be more expressive in animals of the most intensively growing group. A similar situation can be observed also in the case of DNA concentration (table 4 ). Significantly lowest values were found in all three investigated intervals of the NH group.
The proliferation of nuclei
The data given in table 5 suggest that the frequency of &dquo;H-thymidine labelled nuclei decreases during the investigated period. The mean frequency values in 7 -day old chickens in all the three groups range from 2 . 11 -4 . 37 p. cent, whereas at the age of 2 8 days they drop to 1 . 71 -1 . 9 6 p. cent. If we consider frequency changes in connection with the considerable growth intensity of skeletal musculature, this fact, too, confirms indirectly the finding that nuclear concentration in muscle fibres decreases in the course of ontogenesis. If we compare the frequency of nuclei which incorporated 8 H -thymidine in the different groups, a significant parallelism with growth can be observed only in the 7 -day old chickens (P < o.og). The highest mean valul can be noted in intensively growing NH chickens, the lowest in RCB and an intermediary value in their crosses. Four-week old animals do not exhibit differences in the frequency values of labelled nuclei without respect to considerable differences in body weight and intensity of growth (P > 0 . 05 ).
DISCUSSION
In the literature the opinion prevails that skeletal muscles gain during postembryonic stage mainly through fibre hypertrophy, i. e. the enlargement of individual elements. The possibility of hyperplasy, i. e. the increase in the number of fibres is considered less important (J OUBERT , 195 6, 195 8 ; SMITH, ig6 3 ; STAUN, 1963) . In this connection arises the question concerning nuclear component changes in the muscle tissue. According to many authors, the number of nuclei increases at a certain proportion to the growth of muscles and the enlargement of the fibre diameter. This fact has been demonstrated mainly by the determination of DNA in the tissue sample, allowing for the gross weight of the muscle and the DNA content in the individual diploid nuclei (RosiNSOrr, z 95 2 ; UNESCO and LE BLOND , rg62 ; E N ESC O and P UDDY , zg64 ; Moss, S IMMONDS and McN ARY , ig6q. ; HrKAm and Mizurro, 19 65) .
The authors report an increase of nuclear component of muscle elements which corresponds partly to muscle growth. They emphasize at the same time that the increment in the quantity of nuclei and plasmatic component does not take place with the same intensity. It seems that the quicker growth of the plasmatic component has a more persisting tendency especially in the postnatal life so that the amount of cytoplasm per nucleus increases gradually. The results of our experiments, where the determination of number and concentration of nuclei was performed directly on isolated muscle fibres, confirm these changes (table 2 and 3 ). Moreover, when comparing the chicken groups with different growth intensity it was found that there is a parallelism between the number of nuclei and the diameter of fibres. Considering the relative values, on the other hand, i. e. the N/P ratio, it is evident that nuclear concentration is the lowest in chickens with intensive growth. In approximate agreement with this tendency are also the data on DNA concentration (table q.). It seems that at the more advanced stage of development the lower values of the N/P ratio and lower DNA level in intensively growing chickens may be attributed to higher values of cytoplasm fibre component increase. It is however difficult so far to explain the marked differences of these items in the 2 -week old chicken group where the distinctions of fibre diameters are not yet so expressive. The causes for these differences may be probably found in the period of myoblast fusion and the myotube formation.
When analysing the changes of nuclear concentration in muscle tissue we are bound to encounter the problem of DNA synthesis and proliferation activity of nuclei. In detailed studies Moss and L EBLOND ( 1971 ) proved that the satellite cells localized between plasmolemma and basement membrane of the muscle fibre are the source of the nuclei. The authors found that in rats of 30 g body weight roughly 2 .5 p. cent of nuclei is daily incorporated in the fibres. In the chickens, data relating to this question are scarce. M ARCHOK and HE RRMANN ( 19 6 7 ) investigated proliferation intensity of nuclei in the DNA synthetic phase of chickens from the 7 th day of embryonic development until the 8th day after birth. The authors found that during the mentioned period the frequency of 3 H-thymidine labelled nuclei decreased from 40 per cent to 0 .8 per cent. M ITRO ru, L AN G and M AURER ( 19 68) compared the labelling index of muscle nuclei in chickens during postnatal development. In twoday old animals they found an index of 4 -6 per cent, at the age of 35 days only 0 . 05 -0 . 25 per cent. Compared with these data, the values of labelled nuclei frequency in our experiment are somewhat higher (table 5 ). If we consider the results of nuclear increase during the investigated period (table 2 ), the frequency values found in our experiment appear quite real. It follows from our findings that a certain decrease occurs in the frequency of nuclei at the S-phase during the investigated period. Considering this fact in connection with the intensive growth of muscle fibres, a tendency towards the increase of cytoplasm per nucleus during development can also be supported. The elimination of some differences in 2 8-day old chickens may evidently be attributed to a lower proportion of nuclei at the S-phase. However, the possibility cannot be excluded that there are certain local differences in the proliferation activity, especially in larger muscular complexes. KiTiYAKARA Chez des poulets différant par l'intensité de croissance, on a étudié le nombre de noyaux libérés par macération dans un segment constant des fibres musculaires. Dans les différents groupes on a simultanément tenu compte de la concentration en ADN dans le tissu musculaire et de la fréquence des noyaux marqués par la 3 H-thymidine.
Le volume du constituant nucléaire, rapporté à l'unité volumétrique de fibre, a diminué au cours de la période d'investigation. On a trouvé les plus basses valeurs de cette relation nucléoplasmatique chez les poulets avec la plus grande intensité de croissance. La tendance des variations de la teneur en ADN du tissu musculaire est approximativement en harmonie avec cette observation.
Entre les deux âges étudiés, et 2 8 jours, on a noté un abaissement de la fréquence des noyaux marqués par la 3 H-thymidine. Les différences dans la proportion des noyaux marqués selon l'intensité de la croissance des différents groupes ne se sont manifestés que chez les poulets âgés de jours. Quand la prolifération nucléaire devient faible, il est suggéré que se produisent des différences locales dans la fréquence des noyaux en phase de synthèse d'ADN.
